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Measurement and Analysis of Environmental Vibration
Characteristics of Operation Zone for Double Deck Depot

He Ligong',Liu Wenwu', Luo Xinwei', Chen Yanming?,Zhong Zhenlang?, Xu Haoneng®

(1. Guangzhou Metro Design & Research Institute Co., Ltd., Guangzhou 510010, China; 2. State Key Laboratory of Performance
Monitoring and Protecting of Rail Transit Infrastructure, East China Jiaotong University, Nanchang 330013, China)
Abstract: In this paper, the vibration acceleration of the ballast bed, pillar and cover plate of a typical double-
deck metro depot was measured on site, and the characteristics of the vibration source and its transmission at-
tenuation law were analyzed. The results show that the vibration of each ballast bed and pillar is not much dif-
ferent when the train passes through the first and second layers respectively, but the vibration attenuation of the
first track bed—column is relatively large. The predominant frequency of the vibration of the cover plate is mainly
concentrated in 30~80 Hz,and the vibration response of the measuring point near the center of the cover plate is
greater than that at the end of the cover plate. The vibration response of the upper cover plate caused by the
train running on the second floor of the operation zone is larger than that caused by the train running on the first
floor. If the upper cover is developed, the vibration reduction design of the second floor should be considered.
Whether it is a first—floor or a second—floor driving, the vibration is attenuated in the whole frequency range
from the track bed to the column, and the low—frequency part of the vibration energy is easy to cause the reso-

nance of the cover plate.
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Tab.1 Vibration response of source intensity measuring

point
Location Index Ballast bed  Pillar
Main frequency/Hz 60~120 60~100
First floor Peak value/(m/s?) 1.75 0.26
Z—vibration level/dB 98.1 81.0
Main frequency/Hz 30~120 30~70
Second floor Peak value/(m/s?) 1.65 0.27
Z—vibration level/dB 97.4 81.8
130
L Rail of Ist floor
= 120 Rail of 2nd floor
L110
2
= 100 [~
'é 90
2 80
@
£ 701
5 60
ERRS
2
= 40+
30 1 1 1 1 1 | 1
0 1.6 315 63 125 25 50 100 200

1/3-octave center frequency/Hz

B4 WES 1/3 E50E
Fig.4 1/3 octave spectrum of rail measuring points

SN G R T )R T 2 R 2 ) e 0
{ERR B s FE R/ 2 X R R hEH
JE—ZEIE N T T A b, i R Bl
B FIREE AR L, — 2 R A RN KT 2,
H— 2 18 PR R 3l 19 w55 4538 43 25 g Stk J2 Wl —
4, TS BONE IR G BT, — 2R
EWRERTZE,

F 5 Shyaz B AR U 05 = 0 2 — A5 0 AR I,
Bl S Al — | )2 EE RN 4R 3h o R R 1/3
FE AR AS ALY R A FE A — 3, — 238 PRANH: T 1 Jn ek
JEGAE 5~80 Hz S7BL N 3% #i G IN , W (471 % 7% 80 Hz
B3, #E 80~200 Hz Jil Bt N i ¥ T [ ; — )2 18 IR
HEE T B9 0 B B 9% AE 50 Hz AbiA (. BR T
12.5~63 Hz 4l BrAb , — 238 R A 7 9% ol sk 7 4%
Oy KT R T R T, 45 S A e P v s k)
A .

ST U M B Bl MGE R Z R T A i
P, SR FH 20 000 B A% 38 401 2K LU R o3 B L 3 s A 0L
GI AR BEAL A5 LT Sy

T-B,
77:'— T ( 1 )

Koy WAL FE T 0 A 1/3 545 B 0 4% 336 91 2
FUs T ABEURLER @ A4 1/3 555 BEAR s i B 9% B, A
FEF56 0 A 1/3 A Bede 30 hn s B2 9% .

K6 FRh— . )2 18 R—FE T 5 5 Be A% 3 4
Jtb, B 6 I AN, — 2B IR-AE AR s G 4k
KK 0.60, 1M JZ2IRMEHIK KN 0.34;
— R IR-HE TR s 40 % LU BE 1/3 A5 45 7% s
AR AR SR S N B IR BN R s R HUAE 1~6 Hz
AN KT )2 4 6.3~200 Hz BN, — 2

100
@ Ballast of 1st floor
= 90 Pillar of 1st floor
S 80} Ballast of 2nd floor
< Pillar of 2nd floor
g 70 |
E 60F
<L
g 50
2
o 40
=
E 30
=2
= 20
10 | 1 1 1 1 1 1
0 1.6 3.15 63 125 25 50 100 200

1/3-octave center frequency/Hz
BS5 FEENS 1/3EHER
Fig.5 1/3 octave spectrum of source intensity measuring point



%5 3 1 BURI T 2 OUZ A2 Bz P2 0 41k 3 45 1 520 23 i 37

=
)
T

1st floor

2nd floor

o N o
(O8] N W
T T T

Transmission loss ratio

=
NS}
T

e
—_

1
0 1.6 3.15 63 125 25 50 100 200

1/3-octave center frequency/Hz
B 6 ER-HEFAFREBITKL
Fig.6 Transfer loss ratio of ballast—column frequency
division
T R —HE 5 0 0 Be A% i 45 2% LU B (AR 2, 2 L AT i
BRR—ZIERN Z IRFKRT )2 B TE Rk
AL PR T R RO T RSP AR
IR RE B, (15 — )2 A0 A 30 41 2 30 il B R, DT e
=BT ZIRINT ZJZET .

4 RH;EBAE

4.1 ZWIRE ST

R or s P — R AT A R s A PR 3 KL
L B IE R 8 4o i — = L17 BOE M R
L1 L3 Bl ik g2 B s A IR s i, 3% 2 Shyas HT PR
G A5 R s i L Z R GE TR

H1e 2 g S e iz R B A 27 %
TGS 15 A AR S K, P M 2229 8~14 dB;
G e Aris PR )2 B— 2 AT 42 5 1R s AR P Y Ik
2y Wi 1V #8 R T 2 A 48 (D2/D3 KT D1/D4) , Hi
PRI ] R 2 i MR S 78 52 22 ) 20 RO, 0 B A Y
IR B FA I 28 B P B4R Bl

®2 ERENEFREMERK ZIRAFITHR
Tab.2 Statistical table of maximum Z vibration level of
cover plate caused by the train operation

Z vibration level of
Stock Number of
each test point/dB

channel tests
D1 D2 D3 D4
First floor 1 59.5 61.3 59.8 52
L17 2 60.6 62 58.9 52.5
3 66.7 70 71 61.6
Second
4 70.2 73.1 74.2 65.2
floor
13 5 69 72.6 74.6 66.4
6 69.4 72.6 74.9 66
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Tab.3 statistical table of Z vibration level of each
measuring point of trains in operation zone

Working conditions  Ballast bed Pillar Coverplate
First floor traffic 77.83 58.16 52.86
Second floor traffic 82.98 63.44 62.09
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